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ABSTRACT
Poison frogs possess a diversity of skin alkaloids that serve as defense
against predation and inhibit microbial infection. These alkaloid
defenses are exclusively obtained from a diet of alkaloid-containing
arthropods and differ significantly with species, geographic location,
sex, size, and age. Previous research on the chemical ecology of these
defenses has been largely dependent on sacrificing frogs to extract and
chemically analyze alkaloids. Recently, a new non-destructive method
of extracting alkaloids has been developed, using a Transcutaneous
Amphibian Stimulator (TAS). This device delivers mild electrical
pulses to the frog skin, causing it to release its alkaloids unharmed. The
alkaloids can then be collected and extracted for analysis. The present
study aims to develop a relationship between these two methods of
extracting frog alkaloids, which may reduce the need to sacrifice frogs
in studying the ecology and evolution of chemical defenses in poison
frogs.

RESEARCH OBJECTIVES

Figure 2. An example of the TAS being used to
collect alkaloid samples from O. pumilio skin.

Figure 3. Microphotograph of poison
glands in the skin of O. pumilio.
Alkaloids are stored in thousands of
poison glands, each of which is
surrounded by smooth muscle. The
TAS causes the smooth muscle to
contract and the glands to secrete their
alkaloids onto the surface of the skin on
the frog’s dorsum (Scale bar: 50µm).

RESULTS

1. The diversity of alkaloids collected using the TAS can be used to
predict the total alkaloid diversity in a frog.
• The diversity of unique alkaloids identified using the TAS is
almost identical to those found in the entire frog (Fig. 4).

2. Determine the relationship between the quantity of alkaloids
extracted by the TAS compared to the total quantity of alkaloids
present in an entire frog skin.

METHODS

Costa Rica

Figure 4. The diversity of alkaloids (total number of unique alkaloids) collected using only
the TAS compared to total diversity of alkaloids for each individual frog (1-9).

2. The quantity of alkaloids collected using the TAS can be used to
predict the total alkaloid quantity in a frog.
• The quantity of alkaloids collected using the TAS is less than that
of the total quantity present in the entire frog, ranging from
30%-60% of the total quantity in the frog (Fig. 5).
• The proportion of alkaloid quantity collected using the TAS is
directly related to how much is present in the total frog skin.
• Frogs with lower quantities of alkaloids have proportionally
lower quantities collected by the TAS (Fig. 6).
3. The quantity of alkaloids obtained by the TAS can be used to
predict the total quantity of alkaloids in O. granulifera.
• Our results suggest that the TAS may replace the need to sacrifice
frogs in studying the ecology and evolution of chemical defenses.

Figure 1. Map showing the collection site
(Firestone) of Oophaga granulifera.

Alkaloid Isolation & Identification:
• Alkaloids were obtained from live frogs using a Transcutaneous
Amphibian Stimulator (TAS) (Figs. 2 & 3)
• After TAS treatment, the same frogs were sacrificed and the remaining
alkaloids were obtained.
• Alkaloids were isolated from each sample using acid-base extractions.
• Individual alkaloid profiles (type, number, quantity) were identified
and quantified using GC-MS.

Figure 6. There is a significant relationship between the quantity of alkaloids extracted
using the TAS compared to the total quantity present in frog (p < 0.0001). The quantity of
alkaloids obtained using the TAS is proportional to the total quantity of alkaloids present
in the entire frog (R2 = 0.9201).

CONCLUSIONS

1. Compare the diversity and quantity of alkaloids collected using the
TAS and standard method of whole skin extraction in the poison
frog Oophaga granulifera from Costa Rica.

Sample Collection:
Rio Palmas, Costa Rica (Fig. 1)
• 9 individual Oophaga granulifera

y = 0.5068x + 26.712
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